Objective: To examine interstate variation in US HIV case-fatality rates, and compare them with corresponding conventional HIV death rates.
Introduction
In the United States, HIV infection remains a major public health concern. About 50 000 new infections continue to occur annually [1] , and although deaths due to HIV infection declined dramatically after the introduction of HAART in the late 1990s [2] , continued mortality reductions have been small in recent years [3] . The National HIV/AIDS Strategy for the United States has prioritized the reduction of health disparities among demographic groups [4] . Examining disparities by geography is important, as they may suggest reducible contextual barriers to healthcare for HIV-infected persons [5] [6] [7] . Interstate disparities may be particularly informative, because healthcare access varies with state policies regarding insurance for healthcare and prescription drugs. Yet few studies have examined interstate disparities in HIV-related outcomes in the HAART era. Two cross-sectional studies from the late 1990s found substantial state-level variation in the use of services, length of stay, and inpatient mortality among hospitalized HIV-infected patients in 10 states [8, 9] . Annual national vital statistics also report wide differences in rates of death due to HIV disease by state (range: 0.8-8.3 per 100 000 in 2007) [10] .
The choice of the measure used to describe state-based disparities is underappreciated. 'Conventional' death rates include both HIV-infected and uninfected individuals in the denominator to quantify HIV mortality in a population overall. However, these rates may obscure important distinctions by reflecting the underlying prevalence and, indirectly, the incidence, of HIV infection in the general population. Thus, higher death rates may be due, in part, to failures of primary prevention of HIV infection, which can confound the analysis of factors important for secondary or tertiary prevention of death among people already infected with HIV. In contrast, case-fatality rates assess mortality in only the HIV-infected population and, thus, are more useful for identifying determinants of the availability, utilization, timeliness, and quality of care for that population.
Using national population-based data, we compared HIV case-fatality rates in 37 US states in 2001-2007 with conventional HIV death rates based on general population denominators. We also compared case-fatality rates among states, controlling for age, sex, race/ethnicity, year, and state-level markers of late HIV diagnosis. Lastly, to explore the potential consequences that interventions could have if they lowered state case-fatality rates enough to eliminate the interstate differences, we calculated the number of excess deaths associated with living in states with higher case-fatality rates.
Methods
Study population and data sources HIV case-fatality rate denominators (reported per 1000 HIV-infected person-years) were computed using data from all persons aged 15 years and older alive during 2001-2007 who were reported to the national HIV/ AIDS Reporting System (HARS) by 31 December 2009 [11] and met the surveillance case definition of HIV infection [12] . Analysis was restricted to persons who at diagnosis were residents of the 37 states that had confidential name-based reporting of HIV infection for at least 4 years by 2010, because 4 years has been found long enough for reliable determination of trends after such reporting has been implemented in a state [13] . State surveillance programs ascertained deaths by linking cases with death registries (state vital statistics, National Death Index, or Social Security Death Master File). Persons were presumed alive if not found to be dead. Numbers in each state were adjusted for reporting delays [13] .
Case-fatality numerators used HIV deaths from death certificate data files of the National Vital Statistics System for 2001-2007 [14] . These files contain individual-level information on all deaths reported to state or local health departments. HIV deaths were defined as those for which the underlying cause was determined to be HIV disease, as indicated by ICD-10 codes B20 through B24 [15] .
For comparison, we calculated conventional HIV death rates (per 100 000 population person-years) for each state using the same numerator data but denominators derived using data from annual US Census Bureau population estimates [16] . For this measure, we included all persons aged 15 and older who lived in the same states in 2001-2007.
Statistical analysis
Direct standardization was used for age-adjustment based on the 2000 US Standard Population [17] . States were ranked based on each of the age-adjusted rates calculated for the full study period. Five states contributed data only in later years due to newly implemented confidential name-based HIV reporting: New York (2002-2007); Georgia (2005) (2006) (2007) ; and Connecticut, Kentucky, and New Hampshire (2006) (2007) .
We compared HIV case-fatality rates among states using negative binomial regression. We used the state with the lowest overall case-fatality rate as the reference group and controlled for age, sex, race/ethnicity, and year. We explored the possibility that late HIV diagnosis at the state level could account for differences in HIV case-fatality rates by further controlling for two markers of late HIV diagnosis in each state: the median CD4 þ T-lymphocyte count at HIV diagnosis in 2005-2007 and the percentage of all HIV diagnoses considered to be late (i.e., AIDS diagnosed within 12 months of initial HIV diagnosis) in 2007 [18] . These measures of late HIV diagnosis were included as random effects, in order to properly account for clustering within states, in models that also controlled for the previously mentioned characteristics.
To assess potential mortality reductions if interventions could reduce case-fatality rates in higher mortality states to those in lower mortality states, we calculated the population attributable fraction (PAF), that is, the proportion of deaths hypothetically prevented by eliminating the causal effects of a given exposure [19] . We defined PAF as 1-S(pd i /RR i ), where pd i represents the proportion of HIV deaths in each quartile i of state casefatality rates and RR i represents the adjusted relative case-fatality rate for i compared with the lowest quartile [19] . We calculated excess HIV deaths that could be prevented by multiplying the PAF in each quartile by the number of observed deaths and then summing [20] . The 95% confidence intervals (CIs) were constructed based on 1000 parametric bootstrap samples. Sensitivity analyses examined how the PAF and excess deaths would change if alternate reference groups were chosen.
Results
The analysis included 3 096 729 HIV-infected personyears during 2001-2007 from 37 states. Overall, the age-adjusted HIV case-fatality rate was 20.6 per 1000 HIV-infected person-years (95% CI 20.3-20.9). The corresponding conventional HIV death rate (using the general population denominator) was 5.8 per 100 000 person-years (95% CI 5.7-5.8). Figure 1 displays maps of the two rates in each state, showing generally higher values for both in the southern states. Table 1 provides HIV case-fatality rates and conventional death rates, with corresponding rankings for each state, highlighting those with more discordant rankings. The ranks of certain states changed substantially when moving from the conventional death rate to the case-fatality rate. For example, Wyoming's rank moved up 27 places (from 36 to nine) and Iowa's 17 places (from 34 to 17). Similarly, the ranks of New York and Connecticut moved down 27 places (from three to 30) and 23 places (from 12 to 35), respectively. In contrast, other states demonstrated no major change in ranks. For example, Louisiana had the second highest rate regardless of the denominator used. Table 2 shows results from regression models examining characteristics associated with HIV case-fatality rate ratios. Overall, differences by state were statistically significant when initially adjusting for age only and after adjusting for sex, race/ethnicity, and calendar year also (both P < 0.0001). Compared with Colorado, which had the lowest rate in the fully adjusted model, 12 of the 14 states representing the South had case-fatality rates at least twice as high, illustrating substantial variation in rates by state (e.g., rate ratio for Georgia: 2.53, 95% CI 2.27-2.80). Other characteristics significantly associated with increases in case-fatality rates included older age and non-Hispanic black race/ethnicity. In addition, casefatality rates declined over time (rate ratio 0.91 per year, 95% CI 0.90-0.91). Including state-level measures of late HIV diagnosis in models did not change the rate ratios or overall rankings of state case-fatality rates appreciably (data not shown).
The PAF attributable to living in states with case-fatality rates higher than those in the lowest quartile was 0.269 (95% CI 0.253-0.286) ( Table 3 ). This translates to 5669 excess deaths (95% CI 5331-6076) that hypothetically could have been eliminated if an intervention reduced case-fatality rates in states with higher rates to rates of states in the lowest quartile, or 809 deaths annually. Sensitivity analyses using alternate reference groups to target mortality reduction goals resulted in the hypothetical elimination of 291-913 excess deaths annually (Table 4 ).
Discussion
We identified significant interstate differences in US HIV case-fatality rates, with rates in many southern states being more than twice as great as those in other states even after adjusting for differences in racial/ethnic and age distributions. Substantial rank differences between case-fatality rates and conventional death rates in some states imply important differences in primary versus secondary and tertiary HIV prevention in these areas. For example, New York's conventional HIV death rate was the third highest among the states examined, attributable in part to its high HIV prevalence [21] . Its comparatively low case-fatality rate rank (30th out of the 37 states) suggests good secondary and tertiary prevention of HIV disease, which could be due in part to earlier screening or entry into care, better adherence to medical instructions, or better care, compared with many other states. In contrast, Wyoming has a relatively low conventional HIV death rate, ranking 36th, owing to its low HIV prevalence. However, its high HIV case-fatality rate rank (ninth) suggests that services to those with HIV may be inadequate.
The elimination of HIV-related health disparities is a national priority [4] . Our study shows that state of residence should be considered as a geographic unit of analysis when assessing disparities in addition to categorizations such as sex, race/ethnicity, and transmission category. Our findings also support earlier work identifying disparities in the southern United States for earlier consequences of HIV infection, namely AIDS diagnosis [22] . Examination of these rate disparities is a crucial step in addressing their causes and can guide policymakers to consider area-level factors as well as individual factors when choosing interventions [23] .
Why do HIV case-fatality rates vary among states? Delayed diagnosis of HIV infection, which has been found to differ by state of residence [18] , may be attributed to geographic differences in the patient perception of risk for HIV and the benefits of testing, in how screening is done [24] , or both. However, our analyses found that case-fatality rate rankings did not change substantively after controlling for available measures of late diagnosis, suggesting that the role of late diagnosis may be less important at the state level than other factors. However, future work with more complete data on late diagnosis should explore this relationship further. Following diagnosis, differences in the receipt of HAART could play a role, given known regional disparities in medical care among those with HIV infection [25] . Potential drivers for these differences include socio-economic status [26] , the prevalence of drug abuse or other psychopathologic impediments to utilization of available care [27] , and state health programs such as Medicaid and AIDS Drug Assistance Programs (ADAPs) [28, 29] .
Because public health insurance programs vary among US states, geographic disparities in morbidity and mortality may be more pronounced in the United States than in resource-rich countries with geographically uniform national health insurance programs. We could not easily find information on population-based case-fatality rates in the literature or on government websites at similar jurisdictional levels for other countries such as Canada, Australia, or the United Kingdom. We speculate that this is because of limited data availability at this level or a perception that such jurisdictional boundaries may not be as relevant in these countries. Such data are even scarcer in resource-poor countries. In the absence of these data, HIV case-fatality rates based on cohort studies in other resource-rich countries during a similar period fall in the lower quartiles of the US rates calculated in our study. For example, crude rates reported based on cohorts in Australia and in Europe were 5.9 and 15 per 1000 personyears, respectively [30, 31] , compared with our overall rate of 20.6 per 1000 person-years. It is likely that differences in the characteristics of patients participating in cohort studies versus those assessed through surveillance contribute to these disparities, but other factors such as differences in healthcare systems may also play a role.
There are some limitations to our analysis. First, data from 13 US states and the District of Columbia were not included because confidential name-based reporting of HIV infection had not yet been fully established in these areas. However, the analysis covers over two-thirds of the 50 states, representing 70% of the US population, to provide timely information for current efforts to prevent morbidity and mortality. Second, only limited data were available to assess potential contributors to the association between state of residence and HIV case-fatality rates.
Many known characteristics were adjusted for, but data on other characteristics associated with HIV-related mortality, such as socio-economic status, type of health Colorado was chosen as the reference group because it was the state of residence with the lowest case-fatality rate after adjusting for all other characteristics. insurance, and risk behaviors (e.g., drug abuse), were unavailable. Third, like all PAF analyses, we make an assumption that interventions to reduce state heterogeneity would have a causal impact on the case-fatality rate [32] . The conclusions from these analyses should be considered exploratory.
Another possible limitation is that the calculations may be inaccurate if our data on the numbers of HIV-related deaths or the numbers of persons living with HIV infection were inaccurate. For instance, rates could be overestimated if denominators were undercounted. Our method takes into account state differences in reporting delay [33] , but not incomplete reporting. Although reporting of HIV infection diagnoses in the United States has been found to be reasonably complete [34] , surveillance does not capture the estimated 20% of living HIV-infected persons who are undiagnosed [35] , which could disproportionately include certain populations (e.g., foreign-born persons) [36] . Conversely, rates could be underestimated if the denominator were overcounted because some reported HIV-infected persons were erroneously assumed to be still living in a particular state when they had moved to another state, or their deaths were not reported to HARS. We believe such errors to be small, given existing knowledge about migration patterns among HIV-infected persons [37] and the comprehensiveness of death ascertainment procedures [38] . Finally, rates could be underestimated if the numerator were undercounted because HIV infection was wrongly not reported on some death certificates. Failure to report HIVon death certificates rarely happens, however, when they mention an AIDS-defining disease (e.g., pneumocystosis). Unpublished data on causes of death for HIV cases in HARS registries of two states found that 85% of case death certificates that mentioned an AIDS-defining disease also mentioned HIV.
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